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Foreword

Agriculture is one of the most important industries in the world. It is estimated that nearly one
out of every three people in the world is involved in farming, and agriculture provides all of
the cereals, vegetables, meat, fish, and forestry products that we all depend on. Farmers and
farming communities throughout the world have, in most instances, survived and developed
by mastering the ability to adapt to widely varying weather and climatic conditions. However,
the dramatic growth in human population is imposing enormous pressure on existing farming
production systems. Human activities—primarily burning of fossil fuels and changes in land
cover—are modifying the concentration of atmospheric constituents or properties of the
Earth’s surface that absorb or scatter radiant energy. Global atmospheric concentrations of
carbon dioxide have increased 35% as a result of human activities since 1750 and now far
exceed pre-industrial values determined from ice cores spanning many thousands of years.
The primary source of the increased atmospheric concentration of carbon dioxide since the
pre-industrial period is fossil fuel use, with land use change providing another significant but
smaller contribution.

Farmers are expected to manage the more insidious effects of long-term climate change
that may now be occurring at an unprecedented rate. Against the very unfavorable economic
scenarios of the last decades, farmers have been struggling to maintain their income by
continuously trying to increase yields in their production systems. Such increased
productivity may be associated with increased economic and environmental risk as the
farming systems become more vulnerable to climate variability and climate change. These
existing pressures will demand the development and implementation of appropriate methods
to address issues of vulnerability to weather and climate. These include agrometeorological
monitoring and coping strategies for agriculture.

Awareness of the need to give greater attention to the issues of agrometeorological
monitoring and coping strategies for agriculture led the Commission for Agricultural
Meteorology (CAgM) of the World Meteorological Organization (WMO) at its fourteenth
session held in New Delhi, India in 2006 to establish an Expert Team (ET) on “Climate Risks
in Vulnerable Areas: Agrometeorological Monitoring and Coping Strategies” to determine the
critical areas where the agricultural production is sensitive and vulnerable to climate
change/variability in different regions; and to suggest continuous monitoring strategies for
early detection in vulnerable areas. The team was asked to summarize the status of mitigation




and adaptation strategies with respect to impacts of climate change/variability and also the
status of coping with climate risks in agriculture, rangelands, forestry, and fisheries in
vulnerable areas in the different regions. Another task of the team is to appraise and report on
current capabilities in the analysis of climate risks and adaptation strategies in vulnerable
arecas and assess the status of progress in the project on “Climate Forecasts for User
Communities” in agriculture, rangelands, forestry, and fisheries. Finally, the team was asked
to develop methodologies for climate risk mapping for use by insurance industry.

WMO and the COST Action of the European Science Foundation have very fruitful
ongoing collaboration in several areas and I am indeed very pleased that WMO and COST
Action 734 on the “Impact of climate change and variability on European agriculture —
CLIVAGRI” jointly organized the “Symposium on Climate Change and Variability-
Agrometeorological Monitoring and Coping Strategies for Agriculture” in Oscarsborg,
Norway on June 3-6, 2008. The symposium brought together experts from 27 countries from
five continents including the members of WMO ET on Climate Risks in Vulnerable Areas:
Agrometeorological Monitoring and Coping Strategies and those of COST Action 734 to
discuss several important issues concerning agrometeorological monitoring and coping
strategies for agriculture to deal with climate change and variability.

Fourteen papers presented at the Symposium are brought together in this special issue
of IDOJARAS, and 1 hope this issue will serve as a major source of information to all
agencies and organizations interested in the subject of climate change and variability,
agrometeorological monitoring, and coping strategies for agriculture. I congratulate the
editors of this special issue, Drs Simone Orlandini, Mannava V. K. Sivakumar, Tor H.
Sivertsen, and Arne O. Skjelvag for their hard work and dedication in putting this issue
together and the Hungarian Meteorological Service for bringing out this issue of IDOJARAS.

(M. Jarraud)
Secretary-General
World Meteorological Organization
7bis, Avenue de la Paix
1211 Geneva 2
Switzerland
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Editorial

This special issue of IDOJARAS contains the proceedings from the “Symposium on Climate
Change and Variability — Agrometeorological Monitoring and Coping Strategies for Agriculture”
held at Oscarsborg, Norway on June 3-6, 2008. The symposium was co-sponsored by COST
ACTION 734 on the “Impact of climate change and variability on European agriculture —
CLIVAGRI” and the World Meteorological Organization (WMO). The local organizers were
the Plant Health and Plant Protection Division of the Norwegian Institute for Agricultural and
Environmental Research and the Department of Plant and Environmental Sciences at the
Norwegian University of Life Sciences.

The sessions of the symposium were structured and named according to the four working
groups (WG) of COST 734, WGI: Agroclimatic indices and simulation models, WG2:
Evaluation of the current trends of agroclimatic indices and simulation model outputs
describing agricultural impacts and hazard levels, WG3: Developing and assessing future
regional and local scenarios of agroclimatic indices, and WG4: Risks and foreseen impacts on
agriculture.

Participants from WMO include the members of the Expert Team (ET) on Climate
Risks in Critical Areas: Agrometeorological Monitoring and Coping Strategies in Vulnerable
Areas of the WMO Commission for Agricultural Meteorology. The terms of reference of the
ET were adopted and included as the bases of the symposium topics.

The symposium program was divided into four technical sessions, each of which
covered specific topics covering agrometeorological monitoring and coping strategies for
combating climate change and variability. The following is a brief description of the different
technical sessions.

Session 1 covered “Agroclimatic indices and simulation models”. The main theme was
to review and assess current use of agroclimatic indices and simulation models like the crop
growth models in Europe, and their application in analysis of impacts of climate change. Five
papers from this session are presented in this special issue. In the first contribution, J. Eitzinger
et al. presents an overview of the use of agroclimatic indices and process oriented models of
crop growth in European agricultural research, specifically connected to the ongoing work of
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WG1 of COST 734. The second contribution by D. T. Mihailovic and B. Lalic shows the
connection between regional climatic models and parameterization schemes for describing the
physics of dynamics (turbulent fluxes) and radiation balance of tall grass canopies. Several
new results are shown. The paper by Z Dunkel deals with a survey of drought definitions
(concepts) and drought indices used in agrometeorology. The paper of V. Vucetic presents an
analysis of the time trend of growing degree days in Croatia, using data from four different
weather stations, and shows the results of global warming and growth of crops in Croatia. In
the last paper, Skvarenina et al. presents a study on the occurrence of dry and wet periods at
selected meteorological stations in Slovakia during the period 1951-2005. The parameters
considered are the amount of precipitation, potential evapotranspiration, actual evapotran-
spiration, relative evapotranspiration, and a drought index. In certain lowland regions, the
incidence of droughts seems to have increased significantly, and in certain highland regions
the climate has become significantly more humid.

Session 2 covered “Current trends of agroclimatic indices and simulation model
outputs”. Three papers from this session are presented in this issue. In the first contribution,
Tsiros et al. describe an agroclimatic zonation scheme for sustainable production in Greece
using GIS and remote sensing data for the time period 1981-2001. In the second paper, S.
Orlandini et al. have shown the results of calculating trends of agroclimatic indices applied to
grapevine and olive trees in Central Italy. The third contribution by K. C. Kersebaum et al.
deals with testing results of different CO; response algorithms against a FACE (German
Free Air Carbon Dioxide Experiment) crop rotation experiment for a number of field
crops.

Session 3 dealt with the topic of “Developing and assessing future regional and local
scenarios of agroclimatic indices™. Four papers from this session are included in this special
issue. The first paper by M. V. K. Sivakumar and R. Stefanski presents a way of dealing with
the threats of climate change connected to the conceptual framework of sustainability,
impacts on agriculture, adaption, mitigation, and WMO initiatives for climate change
adaption. The conclusion contains elements of strategies for combating climate change. The
second contribution by W. Smith et al. contains certain perspectives on GHG emission from
agricultural production systems in Canada, describing what is happening, and presenting ideas
for long term strategies of mitigation and adaption to the emission of GHG. The paper by R.
Motha discusses how adaptation strategics could be developed for sustainable agriculture by
presenting examples from the USA. The conclusions contain ideas for an agricultural weather
and climate policy, connecting policy makers and scientists. In the fourth paper, O. H.
Baadshaug and L. E. Haugen describe the effect of climate change on grassland growth
potential in the mountainous regions of southeastern Norway.

Session 4 dealt with “Risks and foreseen impacts on agriculture”. Two papers from this
session are included in this special issue. The paper of B. Siska and J. Takac presents drought
analysis of agricultural landscapes as influenced by climatic conditions in the Slovak Republic.
Agriculture in the different regions in Slovakia probably will be impacted by different climatic
stresses in the future, but most of the country will experience drought conditions. L. Didssy and
A. Anda describe the consequences of climate change on maize microclimate in Hungary. The
model analysis is based on climate change scenarios and different levels of CO; in the
atmosphere.

Thanks to the strong collaboration between COST 734 and the Commission for
Agricultural Meteorology of WMO, and to the excellent cooperation from the local organizers
participants from 27 countries from five continents made presentations at the symposium in
Oscarsborg. This provided an unique scientific occasion for discussing the important issue of
climate change at the global level. Some of the participants are agronomists and biologists,
while other participants have their background in physics and meteorology. The theme of the

29

1A%



symposium is quiet relevant to the current concerns regarding climate change, and the short
overview of the proceedings presented in this special issue shows that many aspects
connected to geography as well as methods of research were discussed and a range of climate
change consequences for agriculture was covered.

Simone Orlandini', Mannava V.K. Sivakumar’, Tor H. Sivertsen®, and Arne O. Skjelv&g4
Guest Editors

'University of Florence
2 - . .
“World Meteorological Organization
*Norwegian Institute for Agricultural and Environmental Research
4 5 . N . 5
Norwegian University of Life Sciences

Acknowledgement—We would like to thank IDOJARAS for giving us the opportunity to
present a cross-sectional view of the multidisciplinary themes of the work of COST 734 and
the way in which the Oscarsborg symposium tried to address these themes in a systematic
manner.



Conclusions and recommendations of the
Oscarsborg symposium

Introduction

Participants in the WMO and COST Action 734 “Symposium on Climate Change and
Variability - Agrometeorological Monitoring and Coping Strategies for Agriculture” held in
Oscarsborg, Norway on June 3-6, 2008, met in four working groups to discuss the topic
addressed by the symposium. The working groups developed conclusions and
recommendations under the following major headings:

Determination of critical areas for climate change and variability;
Current status of strategies for mitigation, adaptation and sustainability;
Current capabilities in the analysis of climate risks and adaptation;
Coping with climate risks and foreseen impacts in agriculture.

Conclusions
Determination of critical areas for climate change and variability

e Global warming has been registered since the second half of the 20th century and is
causing an increase in the frequency of various extreme weather events and natural
hazards (such as droughts, heat waves, intensive precipitation, floods, storms, sea
level rise, forest fires, water and wind soil erosion, etc) in many regions. This
tendency is expected to continue in the future.

e C(Climate variability and change affect all sectors with a different level of their impacts.
However, agriculture is considered among the most vulnerable sectors in many
regions due to the negative impacts of unfavorable variations and changes in weather
and climate.

e The most vulnerable agricultural regions are those:
- adversely affected by current and projected climate variability and change,
- damaged by occurrence of new pests, diseases, and weeds,
- faced by insufficient financial resources and methodological experience.
Examples of such vulnerable regions in Europe include the Mediterranean region, the Balkan
Peninsula, NW Russia, and likely Fennoscandia (thermal regime combined with change in
SNOW COVer).

Current status of strategies for mitigation, adaptation and sustainability

e Most agricultural systems are to some extent capable of mitigating greenhouse gas
(GHG) emissions and adapting to changing climate, however, the extent to which this
will occur is limited by lack of awareness, policy, economics, and a need for more
food and encrgy.

e Gaps in research regarding climate change in agriculture limit our ability to take
sufficient action to implement mitigation and adaptation measures.

VI



There has been little political and economic incentives to promote mitigation of GHGs
from agricultural sources.

Current capabilities in the analysis of climate risks and adaptation

Currently there is a wide range of indices for characterizing various types of droughts,
but there is no standardized index that is universally acceptable.

In the light of climate change, there is likelihood of floods and landslides in many
vulnerable regions, and yet there does not seem to be a critical analysis of these two
climate risks.

Certain crops at certain phenological stages are highly susceptible to heat waves and
there does not appear to be an operational warning system.

Despite the availability of reasonably good frost warning systems, currently frost
protection systems can not be universally employed as they are expensive.

Cyclones/hurricanes do cause structural damages (farm implements, animals, and
crops) and there does not seem an adequate assessment of their impacts on agriculture,
forestry, and fisheries.

Although the risk of forest fires in the light of climate change is increasing, there are
no seasonal forecasts for controlling forest fires in the areas at risk.

Coping with climate risks and foreseen impacts in agriculture

While acknowledging that farmers have always dealt with climate variability, the
speed and magnitude of recent climate change has to be recognized as an increasing
problem.

Climate change is becoming an additional and more important driver in agricultural
systems.

Climate change impacts not only production services but also the protection and
enviromental services (multifunctionality).

Recommendations

Determination of critical areas for climate change and variability

Strengthen climate variability/change monitoring; develop/improve decision support
systems and seasonal climate prediction by applying innovative techniques and
approaches at local and regional level.

Foster national/international/regional cooperation in the field of climate
variability/change through exchange of know-how, information, etc.

Develop common methodologies (e.g., determination of vulnerable regions — criteria;
new agroclimatic zonation).

Develop/improve/update and utilize adaptation and mitigation options for agriculture
under climate variability/change (e.g., improving plant breeding and protection,
assuring resistance to heat stress, dry spells, UV radiation negative effects).

VIl



Promote work on climate variability/change related scientific uncertainties.

Bring science to society by transmitting the climate variability/change and related
impacts research results in appropriate way to the society including policy makers,
stakeholders, end users, and broad community by:

- Closer and direct contacts;

- Increasing the knowledge of advisers, farmers (end users), etc.;

- Incorporation of the media.

Current status of strategies for mitigation, adaptation and sustainability

Develop a portfolio of agricultural strategies that includes adaptation, mitigation,
technological development, and research (climate science, impacts, adaptation, and
mitigation) to combat climate change.

Integrate mitigation and adaptation frameworks into sustainable development planning
on a priority basis.

Assess long-term consequences of mitigation and adaptation strategies in agriculture
and determine how these actions are affected by climate.

Select the option of biofuel production as a viable adaptation and mitigation measure
when it is not in conflict with essential food production, biodiversity issues, and land
conservation.

Integrate, where possible, agricultural systems with renewable energy systems such as
wind, solar, and hydroelectric power.

Ensure that developing countries play an increasing role in planning national and
regional programmes on mitigation and adaptation to climate variability and climate
change.

Reduce the types of agriculture production which require large amounts of energy
inputs per unit of food (e.g., meat and milk) to substantially reduce GHG emissions.
This could be accomplished by applying a carbon tax on high-energy foods and
transportation.

Current capabilities in the analysis of climate risks and adaptation

VIII

Undertake, on an urgent basis, a comprehensive review of the existing drought
indices, and recommend a limited set of indices that are universally acceptable and
which could serve the needs of different regions and classes of droughts.

Translate the current knowledge on floods and landslides into operational
management systems that government and agencies could adopt.

Adopt the current heatwave warning systems for humans to crops/cropping systems.

Develop cost effective frost operational systems and raise awareness among the
farmers about the frost damages.

Undertake the assessment of the impacts of cyclones/hurricanes on agriculture,
forestry, and fisheries systematically to develop operational systems in order to limit
the losses to property, farms, and farm animals.



e Include in the agenda of the seasonal climate outlook fora, that are organized in
different parts of the world, forecasts for the risks of forest fires and encourage the
forest fire fighting community to be a part of the user community in these fora.

e Develop the most comprehensive information that could assist the locust-control
community to address the increasing incidence of locusts.

Coping with climate risks and foreseen impacts in agriculture
e Ensure closer connection between studies of greenhouse gas emissions and climate
change impacts.

e Encourage agrometeorologists to improve impact studies of climate variability and
change.

e Make sure that coping strategies address both positive and negative impacts.

e Regionalize, on an urgent basis, climate change impact studies through regional
organizations (e.g., Cost Actions) since climate variability is increasing and will be
different in different regions.

e Promote the establishment of knowledge circles at different levels (scientists,
decision-makers, and farmers at the local, regional, and national levels).

e Reinvigorate agrometeorological and related agricultural research in the light of
climate change.

Mannava V. K. Sivakumar

World Meteorological Organization

7bis Avenue de la Paix, 1211 Geneva 2
Switzerland

Corresponding author: msivakumar@wmo.int
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Abstract—During the past decades, many new software tools were developed to be used
for agricultural research as well as for decision making. For example, crop and whole
farm system modeling, pest and disease warning models/algorithms, models for irrigation
scheduling or agroclimatic indices can help farmers significantly in decision making for
crop management options and related farm technologies. The aim of Working Group 1 of
COST 734 was a review and assessment of agroclimatic indices and simulation models
relevant for various European agricultural activities. The key results, based on a survey
by questionnaires among the COST 734 participating countries (see: www.cost734.eu)
and a literature survey, are presented in this study. It includes an overview of most used
agrometeorological or agroclimatic indices and process oriented crop models for
operational as well as scientific applications, an analysis of the limitations for applications,
and an overview of spatial applications in combination with GIS and remote sensing in
Europe. The COST 734 survey showed, for example, that research activities regarding the
development of agroclimatic indices in Europe are focused on indices on drought,
phenology, frost, and heat stress. Process oriented crop models are mainly applied for
wheat and maize, which is related to their importance in European crop production. In
many cases there are still limitations of crop model applications in Europe, which are
often related to the availability of input data. Spatial crop model applications including a
combination with remote sensing data are still rare. There are a number of different
models and indices in use, varying by regions and countries. From the survey it can be
concluded that there is a need of standardization and harmonization of applications of
agroclimatic indices as well as crop models in Europe in order to allow inter-comparison
of the results and to improve the interpretation of results.

Key-words. agroclimatic indices, crop models, COST 734, European agriculture



1. Introduction

A review and assessment of agroclimatic indices (including meteorological,
climatological, or agrometeorological indices, which are applied in agrome-
teorology) as well as crop simulation models relevant for various European
agricultural activities was carried in the frame of the COST 734 action (see:
www.cost734.eu). The survey was based on questionnaires and a literature
survey. The detailed results are described in a COST 734 report (Orlandini and
Nejedlik, 2008). It includes an overview of most used agroclimatic indices and
process oriented crop models for operational and scientific applications, an
analysis of the limitations for applications as well as an overview of spatial
applications in combination with GIS and remote sensing in Europe. During the
past decades many new software tools were developed to be used for
agricultural research as well as for decision making. For example, crop and
whole farm system modeling, pest and disease warning models/algorithms,
models for irrigation scheduling or agroclimatic indices can help farmers
significantly in decision making for crop management options and related farm
technologies. In research, models can be used to simulate and analyze the
complex interactions in the soil-plant-atmosphere system, for example in the
important field of climate change impacts on crop water balance and crop yields.
All these modeled systems and their interactions are simplifications and,
therefore, include many different kind of uncertainties and limitations resulting
from unknown trends in future technology and human activities, models
simplified representation of reality, lack of knowledge on system responses, or
lack of calibration data. Much research was done in Europe and worldwide in
the field of model development, improvements, or comparisons of models.

2. Agroclimatic indices and providers

Indices are explicitly defined by equations, whereas indicators are relationships
identified to quantified impacts. Both serve to simplify complex phenomena.
Therefore, indices can be indicators once these relationships are quantified and
measurable. Indicators can include also output values from mechanistic models,
which uncover simplified relationships to impacts.

The following aspects arc based on the findings of the COST 734
assessment. Many various indices are used in Europe for operational
applications and in research. Indices are mostly used in agrometeorological
monitoring and services operated by the national state bodies, such as in national
meteorological and hydrometeorological institutes as well as their regional
branches. Private agrometeorological services are scattered and usually
concentrated on some specific points of service like extreme weather warning
service or advisory services in case of plant protection against pests and
diseases. In some cases, private companies selling chemicals or other materials



and equipments to farmers, such as weather stations, include also some technical
support and agrometeorological services and/or forecasting models (mostly pest
and disease warning) as a part of their products. General agrometeorological
information is mostly produced by national bodies such as meteorological
services, which run the meteorological networks, and so they are also the owners
of the data. In many cases, they cooperate with other national bodies providing
them the data either free of charge or at commercial base.

The research activities regarding the development of the agrometeorological
indices in Europe are focused on drought, crop responses such as phenology,
and to a lesser extent, frost and heat stress (Fig. /). The attention paid to
research does reflect the practical use of indices in operational use. Relatively
little attention is paid for example to the operational monitoring of drought and
heat stress, while the majority of responding countrics notices the rescarch
activities in this field.

Simulated
crop response

Drought

Direct crop
response |

Frost Excess rain

Snow cover

Heat stress

Fig. 1. Distribution of the numbers of agrometeorological indices used in research
related to their purpose, according to the COST 734 survey.

In the following the main groups of indices applied in Europe relevant for
agriculture are described. An extensive list of the various indices including
literature can be found in Orlandini et al. (2008).

2.1. Drought

Drought indices are constructed to quantify the lack of water during certain
periods, for example the negative deviation of precipitation from the normal in
case of meteorological drought indices. Meteorological drought indices,
however, do not always describe the real shortage of water for the crops. For
agrometeorological drought indices, therefore, the focus is on crop water



balance of crop stands during the plant growth and development cycle. The
general problem of these indices is to include the physical and biological
properties of the particular crop in order to reflect its sensitivity and limitations
towards the lack of water supply during the vegetation period. A related problem
is the definition of the time step used to calculate the particular indices.

The major part of the drought indices, as reported in the COST survey, is
focused on pastcasting and some of them on nowcasting. These indices are often
applied locally or regionally as they have to use multiyear measured values of
the particular parameters recorded or calculated for a certain locality.

The major part of the indices in use are rather complex and deal with water
balance components and precipitation measures. Indices defined in the
calculation of water balance components are used in various modifications in
almost all countries in the extent from national to a farm level. Both indices,
based on water balance components and on precipitation only for a given period,
are produced mainly by national weather services, as they run the meteoro-
logical networks at regional and national levels. Some institutes use the partial
outputs of the models like WOFOST to define the days with the lack of water
for the crops. In Slovenia, for example, the irrigation model IRRFIB is used for
daily calculation of crop water balance for different regions. It represents an
agricultural decision support tool, which is running inside the Slovene
Agrometeorological Information System (SAgMIS) package.

From the standard indices, the standardized precipitation index (SPI),
Palmer drought severity index (PDSI), percent of normal precipitation and rainfall
percentiles are in operational use among other national services in Europe, at the
Drought Management Center for South eastern Europe (DMCSEE). Relevant
maps are published on the web page http://www.dmcsee.org/, and they are
updated once per month (Fig. 2). Final data maps with two months delay are
available after the 20th day of the current month. First-guess maps are available
after the Sth day of the next month.

2.2. Excess rain

Excess rain as a water related phenomenon is observed in all European countries
by simple measurements of daily sums of precipitation. Further to this
parameter, the rainfall intensity is measured either by pluviographs or by weight
rain gauges providing online signal. The major part of rainfall parameters are
issued in the standard forecast of each meteorological service mainly at the
regional scale. Some of the services provide special rainfall maps in their
pastcasting, identifying the areas with high precipitation and/or anomalies.

In Greece, for example, apart from high precipitation pastcasting maps, an
operational-research application of the non-hydrostatic model LM-COSMO of
HNMS (Hellenic National Meteorological Service) has been used for
forecasting excess rain events. The model has been used for the simulation of



severe thunderstorms (Avgoustoglou, 2002). The data are collected from stations
of the Hellenic National Meteorological Service and the Ministry of Agriculture.
Generally, excess rain represents a damaging weather event and its
characteristics are usually issued for general use stressing the regional
differences.

SPI Index (February 2008, 1 month)

‘ extreme drought ;_] severe drought E] moderate drought
‘ SPl<=-2 2<SPI<=-15 -1.5 <SPl <= -1

Fig. 2. Standardized precipitation index (SPI) for southeastern Europe issued for
February 2008.

2.3. Heat stress

Heat stress is a complex phenomenon, depending on the definition and the
sensitivity of the recipient. Factors such the height of temperature, duration, and
rate of increase of the temperature as well as air humidity, radiation, and wind
can modify the heat stress level of living organisms. The critical thresholds of
temperatures for crops, for example, differ pretty much and they vary also
according to the plant development stage. A threshold of heat stress usually
refers to the daily mean temperature, over which a detectable reduction of
growth or damages on plant begins. Heat stress prediction is naturally included
in general weather forecasts, though there are very few services listed, which
provide special heat stress related indices. A heat index forecast is provided, for
example, by Hungarian Meteorological Service, which includes the forecast of
daily average temperature above 25 °C. In Greece, forecasts of surface temperature
and wind speed over Attica and neighboring areas are provided using the non-
hydrostatic model MMS. This model has very high resolution (grid distance of
2 km), and the forecasts of the parameters are calculated every 18 hours
(Kotroni and Lagouvardos, 2002).



2.4. Frost

Critical temperatures needed for frost damage to occur may vary depending on
the temperature and the duration, while the temperature remains below freezing
point, as well as on the sensitivity of the recipient. However, the common detection
and prediction on frost conditions considers the duration of temperatures below
0 °C and daily minimum values. Frosts are frequently classified as either advective
or radiative, and this also defines their impact on the different type of crops and
possibilities for frost protection. During radiative frosts, local orographic
conditions can modify near surface temperatures considerably, for example, the
frost line does not reach more than 1-2 m above ground, so that only the crops
close to the ground are affected by frost. These aspects make local frost
prediction very difficult, and only generalized, large scale based assessments can
be given by operational services.

Frost events are both forecasted and monitored by the national
meteorological services in all countries. A standard weather forecast includes
the forecast of the frost or the possibility of ground frost occurrence. However,
only a few special indices in operational use focuse on nowcasting and pastcasting
in Europe. Frost forecast is usually issued at the national level for general
purposes, while specific indices for local assessments are mainly used by farmers
(e.g., for frost irrigation scheduling), consultants, and insurance companies.

2.5. Snow cover

The presence of snow cover brings a valuable protection of plants against hard
frosts during the winter. On the other hand, a long snow cover duration under
unfavorable conditions can damage the crops, for example, by a forced
occurence of fungs. Further, a frequent change of snow cover and bare soil,
combined with freezing/thawing events can physically damage the roots of crops
(e.g., winter cereals). The indices or algorithms dealing with snow cover are,
beyond research applications, mostly focused on operational pastcasting, which,
for example, is done daily at different spatial scales of 10 x 10 km grids in
Finland to the regional and national scales in other European countries. In some
cases the water content of the snow cover is announced which brings the
possibility to estimate the amount of the water being stored in the snow as a
water source in spring. Specific snow conditions are frequently observed in the
Alpine region for detecting risk of avalanches.

2.6. Specific events
Further to the above described indices, several specific agrometeorological

indices are in operational use, often focused on suitable conditions for crop
management.



Relevant special weather forecasts for farmers and complex growing
season information are provided by many European services, including
institutional and privat services. Daily forecasts are, for example, provided at the
scale of 10 x 10 km by the Finish Meteorological Service and a private company
in Finland. This information includes probability of rain and frost, rain amount,
temperature, relative humidity, wind speed and direction, index describing
weather conditions for plant protection. The German Weather Service provides
actualized 7-day forecasts up to 4 times a day, concerning the drying of hay and
grain moisture of cereals and maize. Other parameters include potential and crop
evpotranspiration soil temperatures as well as soil wetness and workability
trends. Additionally, recommendations are given for the sowing day of winter
cereals, oats, potato, sugar beets, and maize for the upcoming 6 days. Some
services provide information about the workability of the soil with regard to the
depth of the frozen soil considering also the impact of frost on lumps of clay
during the winter.

Regarding the hail events, an operational project has been carried out in
Greece, the Greek National Hail Suppression Project (NHSP) weather
modification program. The objectives were to reduce hail damage and at the same
time to examine and study the thermodynamic, dynamic, and microphysical
characteristics of the potential hail producing clouds. Also, instability indices are
calculated for Operational Hail Forecasting in Greece. In some countries
specific radar services are installed for hail warning systems, such as in Serbia.

Forest/grass fire indices in various forms are in use in Mediterranean countries
mainly. Considering increasing occurrence of forest fire events under the climate
change, more frequent use of these indices is expected. The German Weather
Service (DWD) provides a daily risk index for forest fire which combines several
indices: a Swedish index (Angstrom), two German indices (Baumgartner, M-68),
and the Canadian forest fire warning system (FWI: fire weather index, FFMC: fine
fuel moisture code) (http://www.agrowetter.de/Agrarwetter/ Waldbrand en.html).

3. Crop response, pests and diseases monitoring

There are not many services monitoring the response of the crops to weather
conditions regarding crop growth and phenological development. Operational
phenological networks, which comprise a sufficient number of stations work, are
mainly in the region of Central Europe (especially Germany). These networks
are run by the meteorological services and systematically monitor phenological
development stages of selected plants, and in several cases, crop development
including some pheno-metric parameters, pests and diseases, as well as yields.
The use of the data is mainly in pastcasting. In some cases some special
parameters are monitored by remote sensing (e.g., greenness index). Remote
sensing of phenological parameters is intensively used at the European scale by



JRC Ispra within the MARS project. A special set of parameters regarding the
plant conditions close to the harvest is provided by the German Meteorological
Service. Further to that, either standard (WOFOST) or specific (IPHEN) models
are used to simulate the development of different plants.

On the other hand, crop parameters including yields and the level of pest
and diseases occurrence are widely simulated by using either specific algorithms
or partial outputs of crop growth models. Several agrometeorological services,
often regionally based extension services, provide operational pest and disease
warnings for specific crops in many European countries. A significant part of
pest and disease warning is, however, carried out by farm based systems by
using agrometeorological weather stations.

4. Process oriented crop simulation models

Mechanistic models have been studied for more than 50 years. The three most
important “schools of development” from Australia, the Netherlands, and the
United States include APSIM models (A4sseng et al., 2000), SUCROS based
models (such as WOFOST) from the “School of De Wit” (Van Ittersum et al.,
2003), and the DSSAT family (such as CERES) of crop models (Jones et al.,
2003), although there are links between these models. As a result of the survey,
in Europe, the most frequently used process oriented crop models for research or
operational applications are CERES, WOFOST, and STICS, however, with
distinct differences between countries. WOFOST is the only model, which is
operationally integrated at the European level for the European crop yield
prediction system, covering all countries.

It can be seen, that research applications dominate and that only few
models are already applied operationally at the beginning of the 21st century.
Often the number of national or European applications of the relevant models
are related to established research institutions working on model developments.
The main application of the crop models is in climate change impact research on
agriculture, whereas the operational applications have the focus on crop yield
forecasting. The applications often include an assessment of the dependence of
growth, development, and yields of crops on limitations of soil-water regime.
The assessment of crop development and yield response to related timing of
crop management such as fertilizing, cultivation, irrigation, plant protection,
etc., is another application. Rarely they are used for early warnings or mitigation
of' damages from extreme meteorological phenomena and processes.

Most crop simulation models in Europe are applied for annual crops,
especially cereals and maize, reflecting the economically most important crops
in Europe (Fig. 3). Regionally, however, also permanent grassland, potatoes,
sugar beet, oilseeds, and others play an important role, which results in specific
model applications.



Crop model applications are influenced by several uncertainties
determining limitations of their use in research and practice (e.g., Eitzinger et
al., 2008). The main reported limitation for application of crop models in
Europe is related to the input data. The reported most frequent problems are the
availability or the low quality of the soil physical model input data (especially
for spatial model applications), the lack of long term biophysical crop data for
model validation and calibration and, in some cases, the availability or costs of
meteorological data. This is related to the socio-economic conditions in
countries and different local administration of data in the different regions of
Europe. The reliability of data on climate scenarios or seasonal forecasts is
another crucial point for the use of such models for operational purposes or for
making long-term strategic decisions.

Reported crop model applications in European countries
\ - COST734 survey (all models)
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Fig. 3. Reported crop model applications (operational and research, one count per model
and country) according to the COST 734 survey.

5. Spatial applications of models and indices

Spatial model applications, such as interfacing models with geographic
information system (GIS), increase the possibilities of applying these models for
regional planning and policy. Because of their relatively simple calculation
methods, agroclimatic indices are often implemented in GIS in order to show
spatial distribution and developments of the relevant calculated index. The most
common examples of these are drought indices. Also several crop models are
applied on spatial scales beyond the field level.

The most promising method to estimate crop yield over larger areas is
combining crop growth models and remote sensing data. The main benefit of
using remote sensed information is that it provides a quantification of the actual



state of crop for large area, while crop models give a continuous estimate of
growth over time. Only few applications of spatial crop growth monitoring
systems are already operational in Europe. However, the general item of remote
sensing data assimilation in crop models has been the subject of mainly
methodological research in the last years. They have allowed to elaborate
practical solutions, but the operational application is still limited by the large
amount of data to be processed. The best known example of an operational
application is the MARS Crop Yield Forecasting System (MCYFS) for food
security for Europe and other parts of the world (http://agrifish.jrc.it/marsstat/),
which is providing quantitative crop statistics at EU (for a 50 x 50 km? grid for
NUTS units) and national levels, in near real time.

MCYEFS was adapted also for national CGMS at a finer grid scale of
1 X1 km?to 10 x 10 km? (for defined zones below NUTS level) for Belgium
(B - CGMS; http://b-cgms.cra.wallonie.be/en/). B-CGMS is based on the
existing European harvest forecasting system, but the data bases are
supplemented and refined by Belgian physical (soil data) and technical
(temperature sums, crop management) parameters. Satellite data are used as an
aid to arrive at a quantitative estimate of production in B-CGMS, where at the
European CGMS it is used for qualitative interpretation.

A national example of spatial agroclimatic monitoring is SIGA (Servicio de
Informacion Geografico Agrario-Service of Agrarian Geographics Information),
an application running at the Ministry of Agriculture (Deputy Direction of
annual crops) in Spain (Sanchez et al., 2005). The application (SIGCH-GIS
related to the management of annual crops) offers cartographic and alfanumerical
information, thematic maps on agroclimatic variables, as well as information
about the plan of productive regionalization of Spain for the application of the
EC rules (EC-1251/1999) of the European Commission. There are also regional
projects with similar characteristics like SITNA, such as a territorial information
system developed by the regional government of Navarra region. SAgMIS is an
internet based GIS information system managed by the Environmental Agency
of the Republic of Slovenia, which includes in situ information on crop water
balance and irrigation forecast. Maps of water balance for different areas in
Slovenia can be obtained for different time scales upon request (Susnik and
Kurnik, 2004).

6. Concluding remarks

The COST 734 report contains probably the most complete overview on the big
number of models and indices currently used in Europe for different operational
and scientific applications in agriculture. Due to their simplicity, agroclimatological
indices can be considered as valuable tools for research and operational
applications. Particularly, the possibility of using wide temporal time steps
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(daily, weekly, monthly) makes these indices suitable for application with
historical climatic series. There are few cases (e.g., drought indices, grapevine
quality index), where indices also include thresholds describing the
consequences of obtained values and recommended interventions needed to
manage and to protect the agricultural systems from climate related impacts. The
results of the questionnaires elaboration pointed out their large use at European
level for many purposes, spatial (regional, national) and temporal (nowcasting,
past-casting, etc.) scales. Especially for indices, it seems also to be clear, that
there is a need of standardization and harmonization of applications in Europe in
order to allow inter-comparison and to improve the interpretation of results. The
more complex approaches, namely process oriented models, are still very
limited in operational applications (especially crop yield models), except for the
simple models, which focus on irrigation scheduling, or the widely applied
models for pest and disease management. In research, however, process oriented
crop models play a very important role in the assessment of global and climate
change impacts on agriculture. A majority of these studies were carried out on a
larger scale, neglecting the necessarily finer spatial resolution to be of relevance
for local practical recommendations for farmers. One of the main difficulties for
the spatial application of process oriented crop models in a high spatial
resolution at the research level is often the lack of model input data (not
available, high costs, expensive data management, etc.). On the other hand, new
methods are being developed to overcome these problems by using GIS and
integrating remote sensing data. Only very few examples exist for operational
crop yicld forecasting which integrate all these available tools, and they are only
used at the expert level.

Beside the effects of climate change on crop productivity, which are the
dominating studies till now, it is recommended that the modeling community
should also have a closer look on other aspects such as soil fertility, and
environmental issues like groundwater recharge and water quality, soil carbon
stocks, erosion, trace gas emissions, etc., in the future. Therefore, integrated
modeling approaches are required, which include the most relevant interactions
in the soil-crop-atmosphere system. We, therefore, should also try to combine
our modeling of climate change impacts with ideas and experiences of
sustainable production.

Acknowledgment—This study was carried out within the COST 734 action, where many experts from

various countries contributed in the survey. More details of the survey can be found in the COST 734
report.
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Abstract—Characterization of climatic hazards for agriculture can be done using global
circulation models (GCMs) and/or regional circulation models (RegGCMs). The GCMs
provide credible information of climate, at least for subcontinental scales, while the
RegCMs are used to determine specific characteristics of the weather in mesoscale.
Regardless of whether these models provide meteorological data through either long-term
or short-term runs, the land surface models are strong links between the underlying
surface and the atmosphere. Recently they have been remarkably improved in the
segment of the parameterization of turbulent fluxes inside and above the tall grass
canopies, making them more relevant, in assessing how regional climate may affect
agriculture. Except these schemes many other environmental/agricultural models (UV
radiation, plant diseases, crop, irrigation models, etc.), linked with the new generation of
non-hydrostatic mesoscale models, can provide highly sophisticated information for
farmers and agricultural planners. In this paper we shortly describe environmental
models, mostly designed in the Centre for Meteorology and Environmental Predictions,
University of Novi Sad (Serbia). All of them are linked with the NMM non-hydrostatic
mesoscale model for the purpose of an intensive use in agricultural planning. The
description and comments are supported by the corresponding numerical simulations.

Key-words: GCMs model, RegCMs models, environmental/agricultural models,
agricultural planning

1. Introduction

Agricultural planning — strategic (long-term) and tactical (short-term) — needs to
appreciate climate-related and other risks to attain the producer’s goals and spell
out the sort of information that farmers need to aid their planning — e.g., climate,
technical/management information, market. A key aspect needed in linking
climate and weather risk to agricultural planners is to appreciate the overall
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management system in question from the viewpoint of decision makers.
Managers need information for both tactical and strategic decision-making.
Climate disasters can be divided into extreme events (e.g., tornadoes, hail, flash
floods and severe thunderstorms, effect of prolonged drought and floods) and
regional climate anomalies (mesoscale storms, small-scale severe weather
phenomena). Global climate change may produce a large number of climatic
disaster occurrences. This is based on the fact that a linear increase in the
average of a climatic variable implicates a non-linear increase in the occurrence
probability of extreme values of the variable. Assessing and forecasting the
impacts of short-term climate variability and weather risk, as well as their
relationship to extreme events could help mitigate the effects of climate
variability and scheduling agricultural activities (Everingham et al., 2002;
Meinke and Stone, 2005).

Characterization of the climatic hazards for agriculture can be done using
global circulation models (GCMs) and/or regional circulation models
(RegCMs). The GCMs provide credible information of climate, at least for sub-
continental scales, while the RCMs are used to determine specific characteristics
of the weather in mesoscale. Regardless of whether these models provide
meteorological data through either long-term or short-term runs, the land surface
scheme is a remarkable link between the underlying surface and atmosphere.
This link together with the mesoscale non-hydrostatic model is a base for use a
number of environmental models (UV radiation, plant diseases, crop, irrigation,
water, and chemical transfer in soil models, etc.) in agricultural science and
practice for different purposes, particularly for planning.

The focus of this paper is directed to short description of environmental
models, which are available in the Centre for Meteorology and Environmental
Predictions (CMEP, in further text), Department of Physics, Faculty of Sciences,
University of Novi Sad (Serbia). Most of them are designed in this institution
and linked with the NMM non-hydrostatic mesoscale model for the purpose of
an intensive use in agricultural tactic and strategic planning (Mihailovic, 2005:
Mihailovic and Lalic, 2006). Descriptions are pursued by examples of
corresponding numerical simulations.

2. Short overview of the land-air parameterization scheme (LAPS)

We will shortly summarize the main features of the LAPS by setting a focus on
the parameterization of processes relevant in agricultural science and practice.
The LAPS, developed at the Faculty of Agriculture and CMEP, University of
Novi Sad (Serbia), describes mass, energy, and momentum transfer between the
land surface and the atmosphere. This scheme is designed as a software package
that can be run as part of an environmental model or as a stand-alone one. The
LAPS includes modeling the interaction of the land surface and the atmosphere,
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under processes divided into three sections: subsurface thermal and hydraulic
processes, bare soil transfer processes, and canopy transfer processes. They are:
interaction of vegetation with radiation, evaporation from bare soil,
evapotranspiration including transpiration and evaporation of intercepted water
and dew, conduction of soil water through the vegetation layer, vertical water
movement in the soil, surface and subsurface runoff, heat conduction in the soil,
and momentum transport within and above the vegetation. A single layer
“sandwich” approach for canopy is chosen for the physical and biophysical
parameterization. The scheme has seven prognostic variables: three temperature
variables (foliage, soil surface, and deep soil), one interception storage variable,
and three soil moisture storage variables. For the upper boundary conditions the
following forcing variables are used: air temperature, water vapor pressure, wind
speed, short wave and long wave radiation, and precipitation at a reference level
within the atmospheric boundary layer. The surface fluxes are calculated using
resistance representation. The soil module is designed as a three-layer model,
which is used to describe the vertical transfer of water in the soil. The LAPS
uses the morphological and physiological characteristics of the vegetation
community for deriving the coefficients and resistances that govern all the
fluxes between the surface and atmosphere. The details about this scheme are
available in many papers appeared in the last decade. However, the main
features and recent redesign of the LAPS scheme can be found in Mihailovic et
al. (2004) and Mihailovic et al. (2008).

3. The main features of the NMM non-hydrostatic regional model

In agricultural planning the non-hydrostatic mesoscale model (NMM), designed
in the National Centre for Environmental Prediction (Janjic, 1994; Janjic et al.,
2001), with LAPS implemented in it (Mihailovic, 2003), is used in providing
outputs for other models. The key features of the model are as follows: a fully
compressible, non-hydrostatic or hydrostatic model; mass-based sigma-pressure
hybrid terrain following system but with constant pressure surface above
400 hPa and Arakawa E-staggering; Adams-Bashforth and Crank-Nicholson
time integration schemes; high-order advection scheme; scalar and energy
conserving feature; Coriolis, curvature and mapping terms; one-way nesting;
lateral boundary conditions suitable for real-data; and one-way nesting and full
physics option to represent atmospheric radiation, surface and boundary layer, as
well as cloud and precipitation processes. In the running procedure usually for
the initial and boundary meteorological conditions, we use the NCEP objective
global analysis gridded data with a 1° horizontal increment, for 23 pressure levels
(up to 50 hPa). The lateral boundaries of the model domain are available every six
hours from the NCEP data. In runs we work with a horizontal increment of
0.222° x 0.205° and a time step of 100s. In the preparation phase, surface
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parameters, cither observed or predefined (topography, sea surface temperature,
soil and vegetation types, soil temperatures and wetness, slopes and azimuths of
the sloping surfaces), were interpolated to the model grid. The topographic data
set used is the one provided by the U.S. Navy with 10 x 10 arc min resolution.
The vegetation data set is available from USGS with 30 arc s x 30 arc s
resolution, following the classification by Dickinson et al. (1986). For soil textural
classes, the UNEP/FAO data set was used, after converting from soil type to soil
textural ZOBLER classes (Zobler, 1986). Albedo and surface roughness variations
were computed in the preprocessing stage according to the vegetation type.

4. BAHUS model for providing the messages of occurrence of plant diseases:
A short description

BAHUS is a biometeorological model fully developed in the CMEP. It is
designed for providing the messages of occurrence of plant diseases and the
proper time for pesticide application (Mihailovic et al., 2001; Mihailovic et al.,
2002). Components of this model are: (1) input module — providing
meteorological and biological data that are representative for a selected area; (2)
modeling module — consisting of empirical relations and conditions related to the
diseases occurrence and the intensity of infection, and (3) output module — giving
following messages: risk of infection, duration of incubation period, time of the
first symptoms, etc. Depending on the method selected in the modeling module,
following meteorological data should be provided by input module: maximum air
temperature, minimum air temperature, mean daily temperature, actual values of
temperature, relative humidity, precipitation, and the duration of leaf wetness.

In the modeling module, BAHUS uses a method defined by Mills (1944),
later modified by Jones et al. (1980), based on air temperature, relative humidity,
and duration of leaf wetness in order to describe the intensity of apple scab
infection. Requirements for fire blight blossom infection defined by Steiner (1990)
are incorporated in degree-days (DD) by Mills (1955) and MARYBLIGHT
methods (Steiner and Lightner, 1992). These methods are based on
accumulation of DD and degree-hours (DH), which are defined as a number of
degrees over the base temperature during one day and one hour, respectively
(Zoller and Sisevich, 1979; Mills, 1955).

5. NEOPLANTA: A short description of the first Serbian UV index model

The numerical model NEOPLANTA is developed by Malinovic et al. (2006) in
the CMEP. It computes the solar direct and diffuse UV irradiances under cloud-
free conditions for the wavelength range 280-400 nm (with 1 nm resolution) as
well as the UV index. Effects of O3, SO,, NO,, aerosols, and nine different
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ground surface types on UV radiation are included. The model calculates
instantaneous spectral irradiance for a given solar zenith angle, but there is also
a possibility for calculation of the UV index for the whole day at half-hour
intervals from sunrise to sunset. Also, there is a possibility of taking into
account daylight saving time. Atmosphere in the model is divided into several
parallel layers (maximum 40). It is assumed that the layers are homogeneous
with constant values of meteorological parameters. The vertical resolution of the
model is one kilometer for altitudes below 25 km, and 5 km above this height.
The upper boundary of the highest layer in the model is 100 km. The model uses
standard atmosphere meteorological profiles. However, there is also an option of
including the real time meteorological data profiles from the high-level
resolution mesoscale models. The required input parameters are the local
geographic coordinates and time, or solar zenith angle, altitude, spectral albedo,
and the total amount of gases. The model includes its own vertical gas profiles
and extinction cross-sections, extraterrestrial solar irradiance shifted to
terrestrial wavelength, aerosol optical properties for ten different aerosol types
(Hess et al., 1998), and spectral albedo for nine different ground surface types.
Output data are spectral direct, diffuse, and global irradiance divided into the
UV-A (320-400 nm) and UV-B (280-320 nm) part of the spectrum, biologically
active UV irradiance calculated using the erythermal action spectrum by
McKinley and Diffey (1987), UV index, spectral optical depth, and spectral
transmittance for each atmospheric component. All outputs are computed at the
lower boundary of each layer.

6. Numerical simulations with coupled NMM — other environmental models

To demonstrate how coupled NMM and different environmental models can
provide sophisticated information for tactical and also strategic planning in this
field, we designed three illustrative numerical simulations, which are widely
recognizable in agricultural practice.

6.1. Use of NMM model with the LAPS scheme for forecasting of extreme
temperatures

The air temperature at 2 m is a reliable indicator of the underlying surface’s
thermal state (i.e., the quality of the surface parameterization), because the
surface temperature strongly affects the air temperature at 2 m. This temperature
is determined diagnostically. From the diurnal course of 2-meter temperature are
derived extreme temperatures, which are variables on the list of key parameters
in the agricultural practice. In this case study, we performed a numerical
simulation using the above mentioned NMM model coupled with the LAPS
surface scheme (Mihailovic, 2003; Mihailovic et al., 2008). The starting time of
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the simulation was 00:00 UTC, June 5, 2002, and the simulation period was
24 hours. The domain (Mihailovic et al., 2008) was centred in 45.0°N, 19.0°E
with (101, 99) cells distributed longitudinally and latitudinally. The domain had
651 grid cells. The cover types include water (22.7%), crops (i.e., short grass
canopies) (39.9%), tall grass (4.3%), short grass patches (3.2%), evergreen
needle leaf (2.6%), deciduous broadleaf (4.3%), and mixed woodland (23.0%),
while the soil textural classes were water (22.7%), loamy sand (4.5%), sandy
loam (11.5%), silt clay loam (36.6%), clay loam (19.7%), sandy clay (2.5%),
and silt clay (2.5%). Fig. 1 shows air temperature values obtained from the
NMM plotted against observed values taken from the SYNOP data set of June 3,
2002. It compares the temperature extremes. For the temperature extremes, the
simulated maxima are in better agreement with the observations than the
simulated minima.
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Fig. 1. Air temperatures at 2m obtained by the NMM (including LAPS) plotted against
the observed values taken from the SYNOP data of June 5, 2002). Comparison for the
temperaturcs extremes.

6.2. An example of use the BAHUS model linked with the NMM model for plant
diseases prediction

In this numerical simulation we demonstrate an example of the assessment of
meteorological conditions suitable for appearance of: (i) apple fire blight
(infection intensity ranged as none, low, moderate, and high), (ii) grape downy
mildew (duration of incubation period), and (iii) potato late blight (duration of
incubation period) for Novi Sad area during spring period in year 2008. In the
forecasting procedure we supposed, based on our experience, that biological
conditions were satisfied: (1) for apple (flowering) after March 15 and (ii) grape
and potato (certain stadium of growth) after April 20. Weather data file of the
BAHUS input module included the following elements: (i) data from SYNOP
data set describing previous weather conditions and (ii) the NMM model outputs
including predicted state of weather (Fig. 2). Using these data the BAHUS
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model has been continuously run after March 15, in order to assess disease
appearance risk on daily bases. Obtained results are presented in 7able 1.

According to BAHUS model, until May 5, thermal and humidity conditions
for fire blight, downy mildew and late blight appearance were not auspicious.
Although on April 11 air temperature exceeds lower threshold for fire blight DH
accumulation (Fig. 2), it was obvious that following temperature decrease will
cause termination of the disease development process. On May 12, according to
air temperature forecast (Fig. 2), at the end of the incubation period, downy
mildew has been expected in next two days, while, in case of fire blight, epiphytic
infection potential (EIP) should pass 100% on the same time. On May 26 and
June 18, suitable conditions were also recorded for downy mildew appearance.
However, for incubation period starting on June 12, a little bit longer duration
has been expected due to forecasted temperature decrease (£ig. 2).
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Fig. 2. NMM model forecast of 2m air temperature for periods: (a) April 11-13, (b)
May 12-15, and (c) June 11-13 for year 2008.
Table 1. Simulated assessment of disease appearance (i.p. = incubation period) based
on meteorological conditions
Date/Disease Fire blight Downy mildew Late blight
Before April 11 no risk no risk no risk
April 11 hi risk — no infection no risk no risk
April 12 medium risk — no infection no risk no risk
April 13 medium risk — no infection no risk no risk
April 14 no risk no risk no risk
agq b :
Before May 12 EIP = 15.7 — no infection less than ‘TAdayS an no risk
the end of i.p.
May 13 EIP = 64.1 — no infection end of i.p. no risk
May 14 EIP = 123 — infection no risk
Before May 26 last day of i.p. no risk
L y end of i.p. in next 7
Before June 11 1.p. In progress days
Before June 18 last day of i.p.




6.3. The NEOPLANTA model for UV radiation prediction and its use in
assessment of climate change impact on development of plant diseases

Based on an assessment of important diseases of wheat and other cereals,
sugarcane, deciduous fruits, grapevine, vegetables, and forestry species, climate
change may reduce, increase, or have no effect on some diseases (Chakraborty
et al., 1998). Changes will occur in the type, amount, and relative importance of
pathogens and diseases. Host resistance may be overcome more rapidly due to
accelerated pathogen evolution from increased fecundity at high CO, and/or
enhanced UV-B radiation. However, uncertainties about climate change
predictions and the paucity of knowledge limit our ability to predict potential
impacts on plant diseases. Both experimental and modeling approaches are
available for impact assessment research.

For the purpose of this paper we demonstrated the performance of this
model by comparing UV index values, obtained by the coupled NMM and
NEOPLANTA, with measurements recorded with a Yankee UVB-1 biometer
(see Yankee Environmental Systems Inc., 2000). For the test, we have selected
data for ten days, measured in the years 2003, 2004, and 2005, with cloudiness
less than 0.2. The device used is located at the Novi Sad University campus
(45.33°N, 19.85°E, 84 m a.s.l.). All other details about model run can be found
in Malinovic et al. (2006). Fig. 3 depicts comparisons between the calculated
diurnal variations of UV index for cloudless days in 2003, 2004, and 2005. From
this figure, it is seen that the NEOPLANTA model gives values that are very
close to the observations.

— Yankee UVBI1
—&— Neoplanta

UV index

May 14, June 25, July 21, Aug. 17, Apr.4, May2l, Julyl, Apr.23, May 30, June 3,
2003 2003 2003 2003 2004 2004 2004 2005 2005 2005

Fig. 3. Variation of UV index obtained by the NEOPLANTA model compared with the

observations in Novi Sad for cloudless days.

As the development and implementation of mitigation strategies take long
time, more research is urgently needed and we hope this paper will stimulate
interest. For example, it is planned to carry out further research on the risk of the
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damages and yield losses in orchards and crop fields by plant diseases, increased
UV radiation, and heat waves as a consequence of climate change. It will be
done on the basis of analysis of outputs obtained by running (i) climate ECHAM
model, (ii) regional NMM model with the LAPS scheme, (iii) NEOPLANTA
UV radiation model, (iv) BAHUS model for forecasting the occurrence of plant
diseases, and (v) a selected crop model. This assessment is particularly important
for the central and southern parts of Europe which are potentially the most
vulnerable regions in Europe regarding the climate change. It was one of the main
reasons why the NEOPLANTA model has been developed, tested and prepared
as a user friendly software that can be easily linked with the NMM model.

7. Conclusions

We considered a wide range of possibilities for use of coupled mesoscale non-
hydrostatic model and land surface scheme for application in agriculture
planning on both tactical and strategic levels. Specifically, in this paper we
shortly described the NMM non-hydrostatic model and the LAPS scheme.
Additionally, we briefly elaborated two environmental models (BAHUS — for
prediction of plant diseases and NEOPLANTA — for prediction of UV radiation)
which are fully developed in the Centre for Meteorology and Environmental
Predictions, University of Novi Sad (Serbia). Finally, we performed numerical
simulations with the coupled NMM-LAPS model and the aforementioned
environmental models, giving three examples of forecasting the quantities which
are on the list of key parameters that are important in agricultural practice and its
planning activities.
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